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Final electricity consumption grew across the EU-27 at an average annual rate of 1.7 % between 
1990 and 2005 showing an absolute increase of 28.7 %. The average electricity use per capita in the 
EU-27 is almost 2.5 times the global average and 3.5 times that for China. These are some of the 
facts that set a big question mark on how the CO2 emission goals can ever been achieved for 2020 
even if we are talking about a reduction of 20%. Therefore, when we, on one hand, know that 20% 
of the world electricity consumption is due to illumination and on the other hand, that 1.6 billion 
people do not have access to this service yet, it is obvious that this is a very important sector to 
target.  Most of the electricity consumption due to illumination is today mainly produced by fossil 
fuels. Therefore beside CO2 emissions, the shortage of resources will press the development of new 
technologies that can cope with this challenge in the future. Furthermore, even with the emergence 
of energy saving devices, the global ecological footprint is still rising. In this article, we discuss the 
main challenges that the emerging illumination technologies will have to deal with, if we really aim 
to achieve more sustainable solutions to climate change in this sector. 
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The year 2007 was another important step-stone for the discussion of Climate Change. Giving the 
Nobel price to Al Gore and the intergovernmental Panel on Climate Change, it was once more 
emphasized that the effect of human activities on the climate change is an urgent matter to address 
for all countries.  
However, climate change has been on the political agenda for at least three decades. Some of the 
pioneering formal efforts of politically addressing climate change can be traced back to 1979 in the 
first “World Climate Conference” organized by the World Meteorological Organization (WMO). 
In 1992 climate change was formalized in the Rio Convention, during the Earth Summit, addressing 
three interlinked issues, namely climate change, biodiversity and desertification. In those days, the 
measures for reduction of emission started as voluntary agreements setting non-mandatory limits. 
As the emission continued rising so did the discussions about how to solve the problem. In 1997, 
with the Kyoto Protocol, limitations of green house emissions were listed for developed countries 
and economies in transition. The emission-reduction commitments were set at a 5% below 1990 
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levels to be reached between the years 2008-2012. Once the discussion turned to have binding 
agreements, the process of action turned slow and burdensome.  From 1997 to the year 2000 the 
negotiations were almost stagnated. The most notable result of these discussions during this period 
was the rejection of the Kyoto Protocol made by the USA. After a long way of negotiations (almost 
8 years), the Kyoto Protocol entered into force on February 2005. 
In 2002, EU agreed to cut 8% of green house gases (GHG) in average from 1990 emission levels 
over 2005 to 2012.  Some of the main concerns, and specially those stated in the 2006 report from 
the European Agency “Energy and environment in the European Union” [EEA 2006:5] were the 
pressure that the production and consumption of energy was setting on the environment including 
climate change, impacts on natural ecosystems and human health among other impacts. 
Consequently, this report suggested European policies to pursue the following three goals [EEA 
2006:5]: 
• security of supply                          
•  competitiveness 
• environmental protection  
The EU announced again in 2007 - as part of the European Union policy - a cut in CO2 emissions 
by at least 20% by 2020. To reach this goal, the EU aims to increase the use of renewable energy 
sources, to limit global temperature changes to no more than 2°C above pre-industrial levels. 
Another of the strategies includes improving the EU's energy efficiency by 20% [EU 0170107]. EU 
also is willing to achieve a cut of 30% under a new global climate change agreement when other 
developed countries make comparable efforts [EEA 5/2008]. The report “Greenhouse gas emission 
trends and projections in Europe 2008” predicts that the EU 27 emissions under the current EU 
energy measurements will increase 1% between the years 2006 to 2010 and that the goals for the 
year 2020 will not be reached [EEA 5/2008:3].  
The future scenario is not clear yet, since on one side, the EU-Secretariat, in its Climate 
Development and Climate Strategy’s  review stated that in order to not exceed the 20C, the EU will 
have to bring down the CO2 emissions as much as 60% in 2050 to reach the levels of 1990 
[Folketingets EU-Sekretariat, 2008].  

According to the  IPCCs ”Fourth Assessment Report” from 2007, avoiding the global temperature 
to rise more than a range between  2-2.4 degree Celsius, requires that the total concentration of 
GHG in the atmosphere keeps between 445-490ppm (CO2-equvalents) [IPCC 2007: 67]. 
Nevertheless, it has been pointed out by several sources that the concentration of GHG already 
reached the 445 (CO2-equvalents), and therefore, if the goal is no more that 2-2.4  degree Celsius, 
the emissions have to top in 2015 and the reduction have to be from 50 to 85% in 2050 in relation to 
2000. [IDAs Maj 2009 and Danish Climate Commission April, 2009].  
Though the EU’s official 20% goal is presented as being very ambitios, taking into consideration 
that a reduction at a global plan has to be of up to 50-85%, talking about an even 30% is still very 
conservative.  The reductions of 20 to 30% have been criticized for their limited impact. On one 
side, some experts and politicians who agree that even the reduction of 20% would not be enough to 
cut down emissions to the desired level and that the efforts from EU will only contribute to reduce 
from 2 to 3% of the world’s total CO2 emissions [EU, Sustainable Energy Week, 2008]. On the 
other side, the European Commission's New Energy and Climate Change Strategy pointed out that 
cutting 30% in developed country emissions by 2020 will only reduce the half amount of global 
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emissions necessary to reach 1990 levels. It has been stated that the Climate is already altered by 
0.7% and what we have left to reach that 2% for the year 2020 is in reality only 1.3% [Danish 
Commission on Climate Change Policy., April, 2009]. This reveals that the current goals have been 
and still are very conservative, and further, that the efforts within this targets have not solved the 
problem at all, and everything indicates that humanity is going to experience an average 
temperature increase of 20C sooner than expected. The consequences of this conservatism has 
derived in the situation that today instead to prevent Climate Change we have to think in how we 
adjust to what it cost not to have paid the necessary attention to the warnings. Consequently, this 
stresses that we still have “solving policies” instead of “preventive policies”. In the same way, the 
production of new illumination devises should be preventive. Thus, we need to increase the energy 
efficiency and to pursue high levels of energy savings much more seriously than we do today. 

Worldwide, the oil reserves-to-production ratio is estimated at 41.6 years, the world natural gas 
reserves-to-production ratio is estimated at 63 years. However, the EU gas domestic production 
proved reserves at current production rates are estimated to only be secure between 14 to 15 years 
from 2008.  The coal reserves-to production ratio is 133 years. [BP June 2008 and COM 13-11-
2008] however, using coal is problematic in relation to GHG.  
The EU's energy production can hardly support the half of its needs. EU’s current import 
dependency was almost 54% in 2006. Most of this dependency was due to oil, which comprised 
60% the bulk of the total EU energy imports. The imports of gas accounted for 26% and solid fuels 
13%. Further pressures added to the availability of the reources are due to the geographical and 
political situation of the main oil suppliers (see Figure 1). The main suppliers are OPEC countries, 
followed by Russia and the Middle East countries. The fact that main suppliers are from the OPEC 
countries means that they will require themselves the resources to continue developing.  
 
 
 
Figure 1. Proved oil reserves at end 2007 (Thousand million barrels). Source [BP  June 2008].  
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The uranium world proven reserves are estimated to last for 100 years at the current production rate. 
However, the European Union only counts with 1.9% of the world current reserves. Therefore, 
uranium is a non-strategic resource, if EU is looking for being energy self-sufficient [COM 13-11-
2008]. 
Electricity in Europe accounts for 70% of the CO2 emissions. Therefore, it is strategically important 
to direct the efforts to this sector. Equaly imperative is it to find alternative sources of energy, and 
also find alternatives to save energy in a more strategic way. It was not a surprise that the theme for 
the Danish political election campaign of 2007 was the uncertainty of supply of fuels - especially 
considering the geographical situation of these resources. Currently 61% of the electricity is 
produced with fossil fuels [EIA, January 2009]. Being the case that electricity security supply 
depends of fossil fuels makes it imperative to reconsider the way we are using the resources, while 
we have them. It also makes it necessary to plan strategic alternative technologies and energy 
sources. Therefore, the illumination sector has to consider that the availability scenery of resources 
is changing, and we have to design products for a post-fossil fuel era. Meaning with this that the 
supply using conventional plants might not be the same and the supply sources might be very 
different from what we currently know today. The traditional electric grid and the voltages of 
supply might also be re-adapted for a new generation of illumination devises. 
 !!
The European Environment Agency suggests in the 
document Europe’s Environment - The fourth 
Assessment: “The challenge to energy policy is thus to 
meet concerns about energy security and affordability at 
the same time as to reduce environmental impacts” 
[EEA, 2007: 323]. These environmental impacts are not 
only the ice melting in the poles, but in a high degree 
desertification, shortage of water resources in some 
geographical areas, floods in other  regions, the pollution 
of rivers and soils with hazardous substances, that at the 
same time contaminate food chains and damage human 
health, etc., etc., etc. 
Using the concept of ecological foot print ( see box 1), 
the World Wildlife Foundation and the Global footprint 
Network organizations were, already in 2005, suggesting 
a more sustainable development, understanding this as: 
“Improving the quality of human life while living within 
the capacity of our supporting ecosystem” [Wackernagel. M., 2005: 3]. This report also warned the 
European Union about the Earth already exceeding the carry capacity limits. It also stated that 
Europe was by then using more than double of its own carry capacity.  
Adding to this already established reality, the emergence of giant energy consumers such as China 
and India [Pamlin and Szomolányi  2006] will cause an extra pressure on the Earth ecological 
footprint (see Box 1.1). This increasing population will demand to cover their basic material needs. 
According to the State of the World Population report [2007]: “By 2008, for the first time, more 
than half of the globe’s population, 3.3 billion people, will be living in towns and cities. The 
number and proportion of urban dwellers will continue to rise quickly. Urban population will grow 
to 4.9 billion by 2030” [Obaid 2007: 6].  
Box.1 
The ecological foot print: is the 
total area required to produce 
food and fibre that it consumes, 
absorb its waste, and provide 
space for its infrastructure. 
People consume resources and 
ecological services from all 
over the world, so their 
footprint is the sum of these 
areas, wherever they are on the 
planet. The foot print can be 
compared with nature’s ability 
to renew these resources“. 
[Wackernagel. M., 2005] 
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Thus, besides dealing with the European ecological foot print surplus, we will have to seriously 
consider the other’s parts of the world ecological foot print, if we really want to avoid a greater 
accelerated deterioration of our natural resource base. 
The initiatives for alternative sources of energy as well as the reduction of energy consumption 
have been plenty but, any way, not enough to reduce as much as needed for the ecological foot 
print. Considering a scenario of business as usual our world carry capacity will be seriously 
diminished (see Figure 2) in a very close future. Not considering the necessary resource base will 
affect the possibility to produce better technological solutions and we will enter in an energy and 
resource vicious cycle.  
 
Figure 2. Humanity’s footprint- business as usual. Source: WWF 2008, 
"!
In the first meeting of stake holder consultation about “Energy efficiency requirements for light 
bulbs and other energy-using products on track for adoption” it was stated that there is a big 
potential in saving CO2 emissions phasing out inefficient products. The amount of saved CO2 could 
ascend to 180 Mt representing a quarter of the reduction target by 2020. From this, 15 Mt could be 
achieved by switching to more efficient light bulbs” [EU., June 2007]. This concern has driven 
countries such as Australia, as one of the first of the world, to phase out the incandescent bulb for 
the year of 2009 and suggest using compact fluorescent lamps. Following this example, China and 
USA have plans to do the same. The 8th of December 2008, the European Union announced the 
phasing out of incandescent lamps and favored the Compact Fluorescent lamps (CFLs) as the 
current most efficient lighting sources [EU-ECO-design, 2008].  
#  $
The Danish Environmental Agency stated in a communication of the 29th of March 2007 that 
though there was an EU-restriction against CFL due to their mercury content, the restriction was 
withdrawn due to the lack of suitable alternatives to the incandescent lamps. It also stressed that the 
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RoHS-directive2 recommends that the content of Mercury should not exceed 0.1 of the weight %, 
however, for the case of the CFL the limit was set up to 5 mg of mercury per lamp. It added that 
EU’s eco-label  “Flower” allowed to use mercury as well, however, the level of mercury should not 
exceed 4mg of mercury per bulb [Miljøstyrelsen 29 / 03 / 07].  Nevertheless, the emergence of 
lighting devises such as Light Emitting Diodes (LEDs) could question, if this is the wisest decision 
to switch to CFLs. Mercury is hazardous, because it is quickly absorbed into the body via skin 
contact or inhalation. Mercury can cause damage to the central nervous and reproductive systems as 
well as neurological and kidney damage. If the CFLs are not properly disposed, the mercury in form 
of gas will be distributed in the air affecting directly human’s health, or it will settle into soil and 
nearby water bodies, ultimately contaminating food chains. Therefore it is important to find other 
illumination technologies that the one based on mercury. 

Technology will without doubt be part of the solution. However, the production of the new 
technology has to be addressed in a more holistic way, so in trying to solve one problem we do not 
create another one. With this philosophy, each of the phases necessary for the acquisition of raw 
materials, manufacturing, use of the product, and disposal of the product have to be assessed. This 
is what is also called cradle-to-grave thinking or lifecycle approach (See box 2).  
There is a need for technological innovation, but this 
innovation has to be based on more knowledge about all 
the environmental impacts of a product or service. This 
approach is useful, since it allows us to see the 
environmental impact during the different stages of the 
product from its raw materials to the consumption phase. 
Checking the entire life cycle helps to make decisions 
about the materials and energy use to produce a solution 
to ameliorate the emission of CO2 and avoid materials that 
might have a negative impact on the environment or at 
least as small a foot print as possible.  Despite the 
relevance of such approaches, much of the assessments on 
energy consumption still focused on the carbon-footprint 
and, therefore, most of the times in the usage phase. This paradigm might leave aside the materials 
and even worse, hazardous substances that might be used during the whole production chain giving 
a wrong view of the whole picture. This has the consequence that the products might reduce some 
CO2 emissions, but they will create other extra burdens to the environment.  
                                                
2 “The RoHS Directive stands for ‘"the restriction of the use of certain hazardous substances in electrical and electronic 
equipment’.  This Directive bans the placing on the EU market of new electrical and electronic equipment containing 
more than agreed levels of lead, cadmium, mercury, hexavalent chromium, polybrominated biphenyl (PBB) and 
polybrominated diphenyl ether (PBDE) flame retardants” (http://www.rohs.gov.uk/) 
 
Box 2 
 “The International Standard 
ISO 14044 (2006) defines life 
cycle as the “consecutive and 
interlinked stages of a product 
system, form raw materials 
acquisition or generation from 
natural resources to final 
disposal” [ISO 14044 2006]. 
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Technological innovation can many times become an 
opportunity to boost local and regional economies. At 
least it is what one can read in the European directive 
2006/32/EC, when this directive expresses that the 
challenge of reducing CO2 emissions also arises as an 
economic opportunity. In this directive, it is underlined 
that this challenge is at the same time an opportunity to 
boost the Community’s innovativeness and 
competitiveness as indicated in the Lisbon Initiative (See 
Box 3).   
The opportunity of boosting the Community’s 
innovativeness and competitiveness might be the answer 
to the concern that gave the basis for the formation of the 
High Level Group of European executives from research organizations and industry encouraged by 
the European Commission. They reported that there has been a “loss of manufacturing activities 
from Europe to lower wage economies - and the realization that this deindustrialization is inevitably 
accompanied by loss of productive employment” [EC 2004: 8]. Thus the problem becomes even 
more challenging: Can we find solutions to reduce the energy consumption footprint at the same 
time that we ensure sustainable and productive livelihoods in Europe? 
The sustainable livelihoods term (see Box 4) was coined at the end of 1980ies. The term was used 
as a development concept. The thinking behind this term points out to strategic planning and 
implementation and it is, therefore, meaningful to use, if one 
is looking for creating better jobs and greater social cohesion. 
With the sustainable livelihoods background thinking, one 
should be able to achieve a more sustainable development, 
since it supposes to provide:   
• “a more realistic understanding of people’s 
livelihoods and the factors that shape them,  
• basis to build a policy and institutional environment 
that support peoples livelihoods and support the 
development that builds on the local and regional 
capitals and, 
• opportunities to improve their livelihoods or in the 
case of Denmark sustain the level of wellbeing.   
Development in this sense should conduct us, to enhance the 
local and global assets on which livelihoods depend and, at 
the same time, obtain net beneficial effects on other 
livelihoods without undermining their local and global 
resource base - or in other words reducing as much as 
possible our ecological foot print on the planet and in a high 
degree making use of local resources. 
Box 3 
 “With the establishment of the 
Lisbon Agenda in 2000, the 
European Union set itself the 
strategic goal of establishing a 
competitive, innovative and 
knowledge-based European 
economy, capable of 
sustainable economic growth 
with more and better jobs and 
greater social cohesion by 2010. 
[www.eib.org]. 
 
Box 4 
“A livelihood comprises 
people, their capabilities and 
their means of living. 
A livelihood is environmentally 
sustainable when it maintains or 
enhances the local and global 
assets in which livelihoods 
depend, and has net beneficial 
effects on other livelihoods. A 
livelihood is socially 
sustainable which can cope 
with and recover from stress 
and shocks, and provide for 
future generations”. [Chambers 
& Conway, 1991] 
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Thus, talking about sustainable production and 
consumption, one can say that it is not only necessary to 
reduce the consumption of energy but also do it in a way 
that the materials needed to produce such solutions leave 
the minor footprint in the process of production. As 
energy based in fossil fuel will be scarce, the future 
illumination technologies should be based on local 
renewable energy sources. Furthermore, an advantageous 
European production strategy should be the one that 
targets a production with a great dematerialization of 
new products in order to produce alternative solutions to 
the increasing green house effect with the minor local 
and global ecological footprint. At the same time, this 
dematerialization (see Box 5) will help enhancing the 
resources from which European jobs or livelihoods 
depend.  
The point here is that the new technological solutions 
cannot continue isolating problems such as the emission 
of CO2 on one side without considering the whole ecological impact. We cannot continue only 
focusing of the end-use ignoring the whole process of production and the imminent disposal, as we 
cannot allow us to think in innovation without thinking on how to make sustainable livelihoods of 
such activities. These problem are interlinked and require and integral analysis and solutions. 
The EEA states two important issues: one that “Most impacts of electricity use result from its 
production rather than consumption” and two that “For many smaller electric and electronic goods, 
the most critical environmental impacts arise from disposal rather than usage, because of their high 
content of heavy metals and other hazardous substances. This waste category now represents one of 
the fastest-growing waste fractions in the EU” [EEA 2007:3328]. However, when it comes to the 
Danish strategies, it is still emphasized that the use-phase is where actions need to be taken. The 
fact is that offering more efficient appliances that seems advantageous in the use-phase has leaded 
the consumer to acquire more appliances. Therefore, though there are in the market more “energy 
efficient” appliances, still the energy generation is increasing. Consequently, it is important to 
consider strategies that also include raw materials used and their consequent disposal to reduce 
consumption or to make consumption more rational along all the production chain.  
'!
Under green house gasses policies the world electricity prices could be 22% higher than those in 
2007 [DOE/EIA., March 2009: 3]. In Denmark the prices of electricity have risen constantly since 
1997 (see figure 3). Despite the goals set by the EU, the CO2 taxes has remained constant. 
However, applying stricter GHG policies the prices could be much higher.  
Box 5 
Dematerialization is defined as. 
 “(The)…reduction of 
environmental pressure by 
reduction in the use of 
materials, combined with a 
constant need fulfillment. On 
the macro-level this can be 
translated into a reduction of 
environmental pressure from 
materials at a certain level of 
economic growth” [Goedkoop  
et al., 2000]  
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Figure 3: Electricity Prices for Households in Denmark (per January, 2007) in Danish cents. 
Source: Association of Danish Energy Companies 
Production prices also encompass the price of energy used. Until know this has been considered as 
a marginal cost since the prices of energy in the production sector has remained lower than those for 
the households. However, the prices of energy and especially of electricity for the industrial sector 
may be higher in the future as well. Thus, considering not only the consumption phase but all 
phases in the production process and end of life cycle has to be one of the main concerns of the 
actors involved in the production, consumption and discharge of illumination devises. 
!&
Another effort has been encouraging “energy 
efficient technologies”. However, as Figure 4 
shows, consumers in the EU-15 are not 
switching with the same speed to more efficient 
lighting devises as is the case with the 
ownership of more efficient dishwashers.  
Our own empirical material coincide with the 
assessment made for the Oak Ridge National 
Laboratory [Ashdown, et al., 2004], in relation 
to the consumer willingness to buy saving 
lamps. Despite the investment recovery is in a 
short time (3-5 years), the consumers are 
resistant to change easily to saving lamps. 
Therefore, beside ethical parameters esthetical 
ones should go hand in hand.   
Thus, one can say that in order to achieve 
realistic reductions of green-house gases, the 
future lighting technologies have to provide 
exceptional service to be accepted.  
Figure 4: Trends in energy efficient ownership 
and overall energy consumption of selected household appliances, EU 15. 
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Still, the illumination sector is one of the most strategic areas to get CO2 reductions and achieve 
economic advantages. According to Kage [2006] “Since U.S. Department of Energy figures reveal 
that about 22 percent of electricity used in the United States goes toward lighting, converting to 
LED bulbs would have a profound economic and environmental impact” (Kage., 2006). In the same 
article it is argued that if 25 percent of U.S. were converted to 150-lumens-per-watt LEDs , USA 
would eliminate the need to build 133 coal-burning power stations and reduce carbon emissions in 
the atmosphere by 284 million tons. USA accounts for a third of the world’s current lighting energy 
consumption. Taking into account the utility costs, by replacing conventional bulbs all over the 
world by LED bulbs, the world could save to the year 2025 US$345 billion [Kage., 2006]. 
However, from most of these data it is uncertain to know, whether the savings are calculated based 
on the use-phase or from cradle to grave considerations. 
Conclusions 
The illumination sector present great opportunities to both achieve green house gas emissions 
reduction and a strategic sector for a post-fossil fuel era. It also represents a huge market if one 
considers the 1.6 billion people who still do not have access to electric light. There are, however, 
many challenges that the production of new emerging illumination technologies has to consider, 
these are listed as followed: 
• The challenge of reducing the ecological footprint (materials, toxic substances, emission of 
CO2, etc.) of current and future options;  
• The challenge of being cost competitive with the incandescent lamp in its life-cost cycle;  
• The challenge of making use of the current European photonic industry assets  to enhance 
productive jobs; 
• The challenge of integrating the esthetical design combined with engineering and social 
disciplines  
• A main challenge considering the already mentioned ones, is finding new methods to 
achieve a more holistic approach related to sustainable development of environmental 
technologies.  
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